
Engineering Plant CEngineering Plant C11 MetabolismMetabolism

ii Preface Preface -- ME, ME, genomicsgenomics & pathway discovery& pathway discovery

ii Background Background -- WhyWhy plant Cplant C11 metabolismmetabolism is crucialis crucial

ii Objectives & personnel Objectives & personnel -- 3 aims, 53 aims, 5 PIsPIs & labs& labs

ii Progress Progress -- Emphasizing the unexpectedEmphasizing the unexpected

ii Project output Project output -- Publications, workshops,Publications, workshops, websiteswebsites
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GenomicsGenomics & Pathway Discovery& Pathway Discovery

“P“Pathway modification and athway modification and discovery discovery are are 
part of the flux determination process”part of the flux determination process”

GregoryGregory StephanopoulosStephanopoulos, , Metabolic EngineeringMetabolic Engineering 1: 1(1999)1: 1(1999)



Background on Plant CBackground on Plant C11 MetabolismMetabolism

ii Provides CProvides C11 units (methyl,units (methyl, methylenemethylene,, formylformyl))
for biosyntheses for biosyntheses -- all are essentialall are essential

ii Engineering hiEngineering hi--methyl products (e.g. lignin, methyl products (e.g. lignin, 
alkaloids,alkaloids, osmoprotectantsosmoprotectants) ) competescompetes with with 
other metabolism for Cother metabolism for C11 unitsunits

ii MassiveMassive photorespiratoryphotorespiratory CC11 fluxesfluxes
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Plant CPlant C1 1 MetabolismMetabolism
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HighHigh--Methyl Engineered ProductsMethyl Engineered Products
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The scale of CThe scale of C11 demands in plantsdemands in plants
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CC11 Metabolism Metabolism 
inin PhotorespirationPhotorespirationRuBPRuBPRuBP P-GlycolatePP--GlycolateGlycolate
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Plant CPlant C1 1 MetabolismMetabolism
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Engineering QuestionsEngineering Questions

•• System response to CSystem response to C11 demand demand ↑↑↑↑ or or ↓↓↓↓ ??
•• Metabolic flux  Metabolic flux  •• Gene ExpressionGene Expression

•• Enzymes exerting major flux control ?Enzymes exerting major flux control ?

•• Relative importance of CRelative importance of C11 sources ?sources ?

•• More pathways ?More pathways ? CompartmentationCompartmentation ??
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Engineering ObjectivesEngineering Objectives
(Tobacco and maize)(Tobacco and maize)

•• Essential preliminary cloning, build DNA arraysEssential preliminary cloning, build DNA arrays

•• MTHFR de novo MTHFR de novo •• ≈≈≈≈ 20 genes by homology20 genes by homology

•• Raise or lower CRaise or lower C11 demand and supplydemand and supply

•• AntisenseAntisense/sense  /sense  •• MutantsMutants

•• Measure fluxesMeasure fluxes (MS, NMR,(MS, NMR, radiolabelingradiolabeling)) & gene& gene
expression expression (DNA arrays)(DNA arrays),, integrate by modelingintegrate by modeling
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Plant CPlant C1 1 MetabolismMetabolism
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PIPI ((UnivUniv)) ExpertiseExpertise GAsGAs//PDFsPDFs

Hanson  (UF)Hanson  (UF) BiochemBiochem//Mol BiolMol Biol 1.51.5

BohnertBohnert (UA)(UA) Mol BiolMol Biol 11

Rhodes (Rhodes (PurduePurdue)) Models/Models/BiochemBiochem 11

Gage (MSU)Gage (MSU) AnAn--BiochemBiochem/MS/MS 11

ShacharShachar--Hill (NMSU)      NMR/PHill (NMSU)      NMR/P--BiochemBiochem 1 1 
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Progress Progress -- Highlighting the UnexpectedHighlighting the Unexpected

•• MethyleneMethylene--THFTHF reductasesreductases

•• Maize DNA arraysMaize DNA arrays

•• EngineeringEngineering glycine betaineglycine betaine synthesissynthesis

•• GenomicsGenomics & pathway discovery & pathway discovery -- PurUPurU
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MTHFR: What was surmisedMTHFR: What was surmised
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MTHFR: What we observedMTHFR: What we observed
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COOHCOOHCOOH

MethyleneMethylene--THFTHF ReductasesReductases ((≈≈≈≈600 residues)600 residues)

Mammals, yeastMammals, yeast

Catalytic domainCatalytic domain Regulatory domain Regulatory domain 

NH2NHNH22

AdoMetAdoMetAdoMetNADPHNADPHNADPH

Engineered hybridEngineered hybrid NADPHNADPHNADPH
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Plant CPlant C1 1 MetabolismMetabolism

Nucleic
acids

NucleicNucleic
acidsacids

55--MethylMethyl--THFTHFTHFTHF

HcyHcy (+ Adenosine)(+ Adenosine)MetMet

ThymidylateThymidylate 5, 105, 10--MethyleneMethylene--THFTHF Ser & GlySerSer && GlyGly

5, 105, 10--MethenylMethenyl--THFTHF

1010--FormylFormyl--THFTHF FormateFormateFormate

55--FormylFormyl--THFTHF

COCO22 + H+ H22OOPurinesPurines

AdoMetAdoMet AdoHcyAdoHcy

MethylMethylMethyl
groupsgroupsgroups

PectinPectinPectin LigninLigninLignin AlkaloidsAlkaloidsAlkaloids Osmopro-
tectants

OsmoproOsmopro--
tectantstectants CholineCholine unitsunits

© 2000 University of Florida© 2000 University of Florida© 2000 University of Florida

NADPHNADPHNADPH



First maize DNA array dataFirst maize DNA array data
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Plant CPlant C1 1 MetabolismMetabolism
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Glycine betaineGlycine betaine synthesissynthesis
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EngineeringEngineering glycine betaineglycine betaine synthesissynthesis
Wild Wild --type tobaccotype tobacco
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EngineeringEngineering glycine betaineglycine betaine synthesissynthesis
TransgenicTransgenic tobaccotobacco

≈≈1% of flux  
desired
≈≈≈≈1% of flux  1% of flux  
desireddesired
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Metabolic Models & EngineeringMetabolic Models & Engineering

i David Rhodes modelingDavid Rhodes modeling websitewebsite

iihttp://www.http://www.horthort..purduepurdue..eduedu/CFPESP/models/models./CFPESP/models/models.htmhtm

i First lay out model network of reactionsFirst lay out model network of reactions

ii Isotope tracer (Isotope tracer (radiolabelradiolabel, MS, NMR) and, MS, NMR) and
pool size measurementspool size measurements

ii Fit model predictions to data by varyingFit model predictions to data by varying
model parameters (fluxes, pool sizes) model parameters (fluxes, pool sizes) 
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TransgenicTransgenic tobaccotobacco
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GenomicsGenomics & pathway discovery & pathway discovery -- PurUPurU
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• E. coli PurU = 10-Formyl-THF hydrolase  •• E.E. colicoli PurUPurU = 10= 10--FormylFormyl--THFTHF hydrolase  hydrolase  

• Present in bacteria, not yeast or mammals

• Plants have ≥≥ 2 PurU homolog genes & ESTs

• PurU homologs encode 10-formyl-THF hydrolase

• Plant enzymes appear mitochondrial (as is FDH) 

•• Present in bacteria, not yeast or mammalsPresent in bacteria, not yeast or mammals

•• Plants have Plants have ≥≥≥≥ 22 PurU homologPurU homolog genes &genes & ESTsESTs

•• PurU homologsPurU homologs encode 10encode 10--formylformyl--THFTHF hydrolasehydrolase

•• Plant enzymes appearPlant enzymes appear mitochondrialmitochondrial (as is FDH) (as is FDH) 

10-Formyl-THF1010--FormylFormyl--THFTHF Formate + THFFormateFormate + THF+ THF

GlyGlyGlyMetMetMet

+++



An unexpected source ofAn unexpected source of formateformate
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Outputs - Publications

• J Biol Chem - MTHFR cloning & characterization

• TIPS - Invited C1 metab & engineering review (genomics) 

• J Biol Chem - MS approach to S-methylMet cycle*

• Plant Physiol - Modeling of choline metabolism*

• Plant Physiol - Engineering/modeling GlyBet synthesis*

• Metab Engin - Engineering/modeling GlyBet synthesis*

• Plant Cell - Invited metabolic modeling review

• Annu Rev Plant Physiol Plant Mol Biol - Invited C1 review

*  MS or modeling supported by C1 grant

Outputs Outputs -- PublicationsPublications

•• JJ Biol ChemBiol Chem -- MTHFR cloning & characterizationMTHFR cloning & characterization

•• TIPS TIPS -- Invited CInvited C11 metabmetab & engineering review (& engineering review (genomicsgenomics) ) 

•• JJ Biol ChemBiol Chem -- MS approach to SMS approach to S--methylMetmethylMet cycle*cycle*

•• PlantPlant PhysiolPhysiol -- Modeling ofModeling of cholinecholine metabolism*metabolism*

•• PlantPlant PhysiolPhysiol -- Engineering/modelingEngineering/modeling GlyBetGlyBet synthesis*synthesis*

•• Metab EnginMetab Engin -- Engineering/modelingEngineering/modeling GlyBetGlyBet synthesis*synthesis*

•• Plant CellPlant Cell -- Invited metabolic modeling reviewInvited metabolic modeling review

•• AnnuAnnu Rev PlantRev Plant PhysiolPhysiol PlantPlant Mol BiolMol Biol -- Invited CInvited C11 reviewreview

*  *  MS or modeling supported by CMS or modeling supported by C11 grantgrant
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Outputs - Workshops, Websites

• Zia Symposium III - January 2000, NMSU

Hands-on computer sessions, 60 participants

• ASPP Annual Meeting - July 2000, San Diego
Minisymposium on models in metabolic research & eng

Hands-on computer sessions, 60 participants

• David Rhodes metabolic modeling website
http://www.hort.purdue.edu/CFPESP/models/models.htm

• C1 Project website (data, materials, protocols) 
http://www.hos.ufl.edu/meteng/1Cpage1.html

Outputs Outputs -- Workshops,Workshops, WebsitesWebsites

•• ZiaZia Symposium III Symposium III -- January 2000, NMSUJanuary 2000, NMSU

HandsHands--on computer sessions, 60 participantson computer sessions, 60 participants

•• ASPP Annual Meeting ASPP Annual Meeting -- July 2000, San DiegoJuly 2000, San Diego
MinisymposiumMinisymposium on models in metabolic research &on models in metabolic research & engeng

HandsHands--on computer sessions, 60 participantson computer sessions, 60 participants

•• David Rhodes metabolic modelingDavid Rhodes metabolic modeling websitewebsite
http://www.http://www.horthort..purduepurdue..eduedu/CFPESP/models/models./CFPESP/models/models.htmhtm

•• CC11 ProjectProject websitewebsite (data, materials, protocols) (data, materials, protocols) 
http://www.http://www.hoshos..uflufl..eduedu//metengmeteng/1Cpage1.html/1Cpage1.html
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PI Agency Award dates

Hanson NSF-IBN Feb 99 - Jan 02

Bohnert NSF-IBN Feb 99 - Jan 02

Gage NSF-BES Feb 99 - Jan 02

Rhodes DOE-BES Sep 99 - Aug 02

Shachar-Hill NIST May 00 - Apr 03
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